The clinical efficacy of measles vaccines was investigated in Niakhar, a rural area of Senegal under demographic surveillance in 1987-1 990. Three measles vaccines were tested: a standard Schwarz, a high-titer Edmonston-Zagreb, snd a high-titer Schwarz.
sles vaccination has a major impact on child survival in developing countries (3, 4) . However, the efficacy of the vaccines used in developing countries, which determines the impact of vaccination strategies, remains poorly documented.
The further attenuated live measles vaccines have been marketed in Western countries since 1966 (5) . After 1979, the major producers of measles vaccines introduced a new stabilization technique, the use of which may have increased the efficacy of the vaccines in the field (6). These vaccines are usually referred to as "Schwarz vaccines" in comparison with other vaccines, such as the Edmonston-Zagreb and the LeninFad- 16 . which have been used primarily in the countries of the former Eastern block.
Age at vaccination has been shown to be a major determinant of vaccine efficacy: children vaccinated too early do not sero- convert and are not protected by the vaccine (7) . The recommended age at vaccination with standard vaccines ranges from 12 to 15 months in most Western countries, but in developing countries, it has been lowered to 9 months to increase the protection of infants, who can contract measles as early as 4 months of age (8) .
The recommended titer of measles vaccines is at least 1,000 TCID,, (50 percent tissue culture infectious dose), as defined by the World Health Organization. Standard vaccines often contain 5,000-10,000 TCID,,, although they have been shown to be efficient even with a titer as low as 20 TCID,, (5) . Studies conducted in The Gambia and in Mexico found that increasing the titer of the vaccine by 10-or 100-fold increased its immunogenicity and that the Edmonston-Zagreb strain produced better . seroconversion than the Schwarz strain.
These results suggested that children could be vaccinated at 4-6 months of age with the high-titer Edmonston-Zagreb vaccine. I 171 1990, the World Health Organization recommended the use of the high-titer Edmonston-Zagreb vaccine at 6 months of age in countries where measles was a significant cause of death in children less than 9 months of age (9) . There are several ways to estimate the clinical efficacy of vaccines: prospective or retrospective cohort studies, investigations of outbreaks, case-contact studies, and casecontrol studies. Estimates of vaccine eficacy depend on the following: the vaccine, its strain and titer, the age at vaccination, the intensity of exposure to measles during the study period, the interval between vaccination and exposure, and the case definition of clinical disease and whether the exposure is similar among vaccinated and unvaccinated persons. In addition, in prospective studies, estimates of vaccine efficacy may depend on the duration of the study (10) (11) (12) .
Little is known about the efficacy of measles vaccines in Africa, primarily because few extensive clinical trials have been conducted there. Therefore, most estimates of vaccine efficacy are derived from evaluations of national vaccination campaigns. Such estimates not only reveal. the efficacy of the vaccine, but also reflect the conditions under which the vaccines were administered, including failures in maintaining the vaccine at low temperature (the cold chain) and inappropriate age at vaccination. Furthermore, many of these estimates are based on suboptimal methodologies of data clollection. Estimates of efficacy range from less than 50 percent in the difficult conditions of Mozambique to 94.2 percent in Ivory Coast (13) (14) (15) (16) (17) . The most reliable estimates come from The Gambia, where an efficacy of 85.6 percent was found among children vaccinated at 9-14 months of age in a national campaign (13) .
This study reports the results of a 3-year clinical trial conducted in a rural area of Senegal. During this trial, the efficacy of three vaccination strategies was analyzed. Period efficacy was estimated directly by analyzing the incidence of clinical measles after vaccination. More important, casecontact efficacy was estimated by controlling for exposure to measles in the compound (household) of residence, and a theoretical definition of efficacy after controlling for the intensity of exposure in the compound is presented.
MATERIALS AND METHODS

Study population
The study area was located near Niakhar, in the département of Fatick in central Senegal. It comprises 30 villages whose total population includes about 25,000 people of Sereer origin. A comprehensive demographic and epidemiologic surveillance system based on weekly visits to each compound of the study area and on the annual census was ongoing before the study began (July 1987) and has been maintained since that time. The demographic surveillance system recorded births, deaths, and in-and out-migration, and defined the resident population at all points in time. The resident population was divided into two categories: present or absent. Nonresidents who were present were called visitors. The epidemiologic surveillance system routinely recorded the reported cases of measles every week for the present population (resident or visitor). In addition, the annual census recorded the reported cases of measles among those in the resident population who were absent at the time of infection. Therefore, two studies of vaccine efficacy were conducted: a prospective period study of efficacy among the resident population (present or absent) and a case-contact study of efficacy in the compound among the present population (resident or visitor).
The efficacy study was part of a randomized vaccine trial conducted from August 1987 to July 1990 to compare two high-titer live measles vaccines, the EdmonstonZagreb and the Schwarz, with the standard Schwarz vaccine with regard to efficacy, safety, and immunogenicity. The details of the vaccine trial and the main results concerning immunogenicity and safety have been reported (18) (19) (20) . Since the measles surveillance system was based on the entire population, the study also provided the opportunity to estimate the efficacy of the standard Schwarz measles vaccine administered before the start of the study in the same villages.
The study was approved by the Senegalese health authorities (Ministère de la Santé Publique, Dakar); by authorities of the Office de la Recherche Scientifique et Technique Outre-Mer (ORSTOM) (Institut Français de Recherche pour le Développe-ment en Coopération, Paris, France); and by the ethical committee of the British Medical Research Council in Fajarah, The Gambia. During the 3 years of the project, comprehensive vaccinations were made available to everyone, and free drugs and medical services were provided to all children and adults of the study population. As a consequence, both mortality and case fatality due to measles were significantly lower than during the preceding 3 years (1984-1986).
Vaccinations
Three series of vaccination were studied. Randomized trial of three vaccines. The randomized trial of high-titer measles vaccines covered the cohorts of children born between February 1987 and January 1989. Children were randomized into three groups: high-titer Edmonston-Zagreb vaccine administered at 5 months, high-titer Schwarz vaccine at 5 months, and standard Schwarz vaccine at 10 months. Randomization was done by allocating children just after birth to one of the three groups, using a random number generator. Children of the same birth cohorts who were not vaccinated were used as the control group. They were mostly children living under the same conditions who were not available on the day scheduled by the research team for the vaccination. They did not differ in any socioeconomic characteristic from the others. They were followed up in exactly the same way as the participants in the vaccine trial. For the participants, the age at vaccination was strictly standardized: 5.0 months (range, 18-28 weeks) for the high-titer vaccines and 10.0 months (range, 40-47 weeks) for the standard vaccine. Only a few children received the standard vaccine after 10 months of age. All three vaccines were supplied by the manufacturers: the high-titer Edmonston-Zagreb by the Institute of Immunology, Zagreb, Yugoslavia (batch 8 1/3; titer, 5.4 log,, plaque-forming units (pfu)); the high-titer Schwarz by the Institut Mérieux, Lyon, France (batch 0980; titer, 5.4 log,, pfu;); and the standard Schwarz by the Institut Mérieux, Lyon, France (titer, 3.7 log,, pfu). The potency of the vaccines was monitored routinely and found to be constant over time. By January 1, 1990, 1,566 children had been vaccinated; vaccine coverage was 8 1.6 percent of the resident target population. National vaccination campaign and routine vaccinations. A major national vaccination campaign took place from December 1986 through April 1987. Records on health cards were taken during the demographic surveillance and checked in the dispensary registers whenever possible. The survey showed that 1,420 children born between 1978 and 1986 and still resident during the efficacy study were vaccinated against measles; the coverage was 44.1 percent among the cohorts born in 1984-1985. The demographic census also routinely and systematically recorded vaccinations done outside the study area by asking for health cards for all children under 15 years of age. Most of these routine vaccinations were given in large cities, where the child was traveling with his or her mother. Only a small number of children were in this group: 5.9 percent of the 1978-1986 cohorts. The measles vaccines used in the routine vaccination campaigns were standard Schwarz vaccines from various Western producers. No attempt was made to find the exact producer. The potency of these vaccines at the time off injection and the quality of the cold chain could not be verified. Only a small proportion of the children (6.9 percent) were vaccinated before the age of 9 months, the recommended age at vaccination.
Investigation of measles cases
The three measles outbreaks occurring in the study area between August 1987 and July 1990 were investigated: 27 cases occurred between May and September 1988, 161 cases between October 1988 and July 1989, and 413 cases between August 1989 and July 1990. When a family suspected a case of measles or when a case was seen in the clinic, a physician who was a permanent resident in the villages and specifically trained for this work was called to the compound to do a comprehensive clinical examination, The physician monitored the measles cases by visiting the family twice a week until the last case was cured. The physician was blind to the type of vaccine received during the vaccine trial, but was able to find out whether the child had been vaccinated by asking the mother or the caretaker. For serologic confirmation, an initial blood sample was taken by finger prick from all susceptible children (those who had never had measles) in the family during the first visit, and a second sample was taken from the clinical cases at least 4 weeks after the onset of the r8ash.
Exposure in compounds
Exposure was defined as the condition of being susceptible and present in a compound of the study area where there was a clinical case. Secondary cases were defined as those occurring in the same compound 7-1 8 days after the index case. The mean time lag between index and secondary cases was 12.2 days, a value equivalent to that reported in classic studies (21) (22) (23) . For both cases and noninfected contacts (susceptible children who were present), the following linear score of intensity of exposure to index cases was devised: 1 = living in a different compound; 2 = living in the same compound but not eating from the same kitchen; 3 = eating from the same kitchen but not sleeping in the same hut; and 4 = sleeping in the same hut (24) . Other cases among the resident population that occurred outside the study area were investigated primarily by questioning the family members; sometimes confirmation of a case was by record of a proper clinical examination found in a dispensary; other cases were confirmed by a blood sample taken within a few weeks after the onset of the rash showing high levels of measles antibodies. However, these indirect pieces of evidence were not considered for final case validation. The surveillance system based on weekly visits to each compound and on systematic questioning during the annual census was very tight, and chances that a case was missed during the 3 years were very slim.
Case definition
A clinical score was defined by examining seven clinical signs observed during the physician's examination and summing up the values for each sign: 1) typical rash or desquamation (value = 6); 2) Koplik spot (value = 5); 3) atypical rash (value = 2); 4) conjunctivitis (value = 2); 5) stomatitis (value = 2); 6) cough (value = 1); and 7) rectal temperature greater than 38.0"C (value = 1). A reported case with a score of 8 or more was considered clinically confirmed. Of all reported cases, 80.1 percent were clinically confirmed; of reported cases examined during the 3-10 days after the onset of clinical signs, 92.4 percent were clinically confirmed.
Serologic confirmation was defined as an increase of at least fourfold in the titer of hemagglutination inhibition antibodies to measles virus during the acute phase. Of all the reported cases occurring before January 1, 1990, 63.7 percent were serologically confirmed. Of all the reported cases whose first blood sample was taken before day 2 and whose second blood sample was taken after day 28, 100 percent were serologically confirmed (n = 112). All had at least a 16-fold increase in hemagglutination inhibition antibodies titer. The high confirmation rate from serology ensures that the clinical definition was highly specific in these circumstances. Failure to obtain serologic confirmation occurred when the family refused to i allow the blood sample, when the case was first investigated after the onset of the rash, or when the second blood sample could not be taken.
A case was considered directly confirmed if it met both the clinical and the serologic criteria for confirmation. A case was considered indirectly confirmed when it occurred in a compound where another case was directly confirmed. Altogether, 61.1 percent of all reported cases were confirmed, either directly or indirectly. The proportion of confirmed cases was higher among secondary cases in the compound (79.2 percent), since these were more likely to have been examined since the onset of the disease. Two definitions were used in the final analysis: reported cases and confirmed cases (direct or indirect confirmation). A vaccine failure was defined as a case of measles in a child who was vaccinated at least 14 days before the onset of the rash.
Vaccine efficacy
Vaccine efficacy was estimated by comparing vaccinated children with unvaccinated children who had never had measles before. As soon as a child had clinical measles, he or she was removed from the pool of susceptible children. For the calculation of period efficacy, exact person-days at risk were computed for the resident population using dBASE IV (Ashton-Tate, Torrance, California). The starting point was 14 days after vaccination for vaccinated children or age 140 days (20 weeks) for unvaccinated children. The incidence rate was computed as the ratio of the cases to the person-years at risk lived by the susceptible population. Period efficacy was computed by the standard formula: 1 -(incidence rate among vaccinated children f incidence rate among unvaccinated children).
For calculation of the case-contact efficacy, exact exposure within the residence break. The secondary attack rate was computed as the ratio of secondary cases to the number of susceptible children exposed to compound was determined for each out- the index cases in the compound. Casecontact efficacy was computed by the standard formula: 1 -(secondary attack rate among vaccinated children + secondary attack rate among unvaccinated children).
The 95 percent confidence intervals were computed using Taylor series approximations when the sample was large (for period estimates of the campaigns) and asymptotic estimates when the sample was small. The later computations were performed with EPI ]INFO (USD Inc., Stone Mountain, Georgia) C l 1).
RESULTS
During the study period, a total of 601 measles cases of all ages were investigated. Among them, 396 belonged to the cohorts kept for the final analysis, and 3 12 were secondary cases among the same cohorts.
exposed by the number at risk on January 1 , 1990. For the randomized vaccine trial, the average exposure rate was 9.2 percent among children born between February 1, 1987, and January 31, 1989, with no significant difference among the three vaccination groups. However, in the unvaccinated group, the exposure rate (13.2 percent) was , significantly higher (table 1). The exposure rate was also slightly higher (10.0 percent) among older children, i.e. those born between 1978 and 1986. Differences in exposure rates between the two groups vaccinated in national programs and the control group were significant, but of relatively small magnitude; in the group vaccinated during 1981-1983, the children were much older and the exposure rate was significantly lower (2.6 percent).
Efficacy of standard vaccines
Rate of exposure to measles
Among children vaccinated with standard vaccines during the randomized trial, there The rate of exposure to measles in the 1 was only one case of vaccine failure, which was a secondary case (table 2) . The period efficacy was 98.0 percent (95 percent constudy area during the investigation was computed by dividing the number of children 
Efficacy of high-titer vaccines
The efficacy of high-titer vaccines was studied only during the randomized trial and was found to be lower than the efficacy of the standard vaccine administered in the same cohorts. There were five vaccine failures among children vaccinated with the high-titer Edmonston-Zagreb vaccine; three of these were secondary cases. 
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Control for intensity of exposure
A linear logistic model was developed to control for the intensity of exposure to measles. The dependent variable was the secondary attack rate and the independent variables were the vaccine and the intensity of exposure. Once exposure to measles occurred in a compound, the mean intensity of exposure among vaccinated (3.21) and unvaccinated (3.18) children was not significantly different ( p = 0.581). The results indicate that the intensity of exposure was a major determinant of secondary infection in the family (table 4). The odds ratio was 2.3 per unit of exposure; assuming an exposure rate of 8.0 percent, this is equivalent to a relative risk of 2.1, which can be interpreted as a 4.4 times greater risk of infection from sleeping in the same hut with an index case than from living in the same compound with an index case. Similar values of relative risks associated with intensity of exposure were found for the vaccinated and unvaccinated children. There was no significant interaction between the vaccine and the intensity of exposure ( p = 0.967):
Controlling for intensity of exposure in the logistic regression allows one to define a theoretical efficacy for a minimal unit of exposure. Details of the derivations are given in the Appendix. The theoretical casecontact efficacy of the standard vaccine was 98.0 percent, as compared with 94.4 percent for the high-titer Edmonston-Zagreb vaccine and 86.1 percent for the high-titer Schwarz vaccine. In other words, controlling for intensity of exposure did not change the ranking of the vaccination strategies. There were 2.8 times more vaccine failures among those who received the high-titer Edmonston-Zagreb vaccine at 5 months of age and 7.1 times more failures among those who received the high-titer Schwarz vaccine at 5 months of age than there were among those who received the standard vaccine at 10 months of age. Several factors associated with the efficacy of standard vaccines in national campaigns were analyzed in a similar linear logistic regression. The dependent variable was the secondary attack rate among children bom between 1978 and 1986, and the four independent variables were age at exposure, intensity of exposure, an indicator of age at vaccination (the number of months before 12 months of age), and the time elapsed since vaccination (table 5) . Two other variables were also analyzed but not found to be significant: the sex of the child and the vaccination campaign in which he ar she was vaccinated. The results showed the same theoretical efficacy in the vaccination campaigns as in the randomized trial (97.9 percent, 95 percent CI 91.6-99.5). Age at exposure was found to be a significant risk factor for vaccine failure, with a relative risk of 1.088 per year of age. Intensity of exposure was significant, with a relative risk of vaccine failure of 3.53 for maximal exposure (i.e., sleeping in the same hut). Vaccination before 12 months of age had a significant effect on vaccine failure, with a relative risk of 1.28 per month. Vaccination 5 months earlier multiplied the risk of vaccine failure by 3.47 (95 percent CI 1.01-11.9), a value similar to the relative failure rate of high-titer vaccines given at 5 months compared with standard vaccines given at 10 months in the randomized trial. This finding indicates that the potential gain of using high-titer vaccines early in life was marginal. The time elapsed since vaccination, which measures waning immunity, was not significant when all other factors were controlled for in the regression.
DISCUSSION
Several studies have provided estimates of the clinical efficacy of standard vaccines in North America (6, 8,25,26 ), They show a median estimate of 96.0 percent for clinical protection, with a range from 93.2 to 96.9 percent. Two factors having an impact on efficacy were identified: the age at vaccination (before or after 15 months) and the type of vaccine (produced before or after 1979). Most of these estimates were derived from case-contact studies or retrospective cohorts among children in school or college after exposure during an outbreak. Similar results were found in Europe. A study conducted in England and Wales produced an estimate of 93.1 percent during a 21-year follow-up of children vaccinated at 10-23 months of age with a Schwarz vaccine, a rate equivalent to 97.0 percent efficacy on a single exposure (27) . In France, a study found a vaccine efficacy of 94.6 percent in a 4-year period among children vaccinated at 12-23 months with a Schwarz vaccine a rate equivalent to 95.5 percent on a single exposure (28) . A study of the Edmonston-Zagreb vaccine conducted in three sites in Yugoslavia found an efficacy of 97.3 percent among children vaccinated at 10 months of age or older. When properly administered, measles vaccines seem to protect about 96 percent of children against clinical measles.
The estimates of vaccine efficacy found in Senegal were very close to these values found in developed countries. They can be taken as the standard against which the efficacy of measles vaccines in other contexts is evaluated. Note that the efficacy of measles vaccines remains very satisfactory, much higher than that of some other vaccines (pertussis, influenza) and close to that of the best vaccines available (tetanus, yellow fever). The estimates of vaccine efficacy from the randomized trial were higher than most estimates reported from developing countries. This may reflect differences in the quality of vaccine delivery, in particular the quality of the cold chain and the precise age at vaccination.
The data set gathered during this study is virtually unique in tropical Africa. There is a high degree of consistency among the estimates of efficacy faund in this study and also between these estimates and other estimates of the efficacy of measles vaccines. In particular, the efficacy of standard vaccines observed in this clinical trial compares closely with the values found in developed countries. This result indicates that there is no reason to think that standard measles vaccines, when properly administered, are less efficacious in Africa than in the developed countries.
To our knowledge, there is no other published empirical study estimating vaccine efficacy after controlling for intensity of exposure to which these results could be compared. However, that intensity of exposure influences the estimate of vaccine failure makes sense. It suggests that accurate comparisons of vaccine failure require a proper description of exposure, a point that has been discussed extensively in the theoretical literature (12) .
Controlling for exposure further validated the estimates. None of the vaccinated groups had a randomized control group of unvaccinated children, and in fact, it would not have been ethical to design a study with a control group of this kind. Although the control groups were similar to the vaccinated groups in many respects, their rate of exposure was 13 percent higher'(95 percent CI 1 .OO-1.30, p = 0.05 1). Although small, this could bias the estimates of period efficacy. However, controlling for exposure allowed precise estimates of case-contact efficacy, which can be considered the most reliable estimate.
Controlling for intensity of exposure did not change the order of magnitude of the relative estimates of vaccine failure. A linear score of intensity of exposure was used, which translates into a proportional odds ratio of vaccine failure in the logistic regression. The choice of the linear score was justified by a preliminary analysis of the values of the relative secondary attack rates for three increasing values of the level of intensity of exposure, both for cases among unvaccinated children (1 .OO, 1.50, and 1.83) and cases among vaccinated children (1 .OO, 1.15, and 1.55). Although not perfect, the log-linear assumption was considered acceptable for the multinomial regression.
The efficacy of the standard Schwarz vaccines was higher in the clinical trial than after the national campaigns. The rate of vaccine failure after the national campaigns was 5.2 times greater than that observed in our clinical trial using the same standard vaccine. This result was expected, insofar as failures in the cold chain are common in largescale campaigns. The efficacy of vaccines in national vaccination campaigns of Senegal compares closely with values found nearby in The Gambia (13) .
Estimates of period efficacy were similar to those of case-contact efficacy. This result was expected, since multiple exposures were unusual during the study period (10.1 percent of cases), and the period of follow-up was relatively short. The small differences in exposure during the period of the study had virtually no impact on the period estimates, which were obtained by use of precise periods of exposure to risk within the susceptible population. This procedure leads to an unbiased estimate of vaccine efficacy as defined by a proportionate reduction in incidence at each exposure (10). This choice was justified by the very probabilistic nature of vaccine failure found in the effect of intensity of exposure. However, if efficacy had been defined as the proportion of the population that was fully protected, this procedure would lead to an overestimation of efficacy that increases with time. In this case, theoretical computations show that exposure for 3 years leads to a small overestimation of period efficacy: an observed efficacy of 98.0 percent would be equivalent to a theoretical efficacy of 97.7 percent, a small difference given the confidence interval of the point estimate.
Measles cases among vaccinated children were less likely to be confirmed than those among unvaccinated children, because in vaccinated children, the clinical effects of the disease were milder and the elevation of antibodies lower (18) . In fact, only 53.3 percent of the cases that occurred after failure of a vaccine were confirmed, compared with 67.4 percent of cases that occurred among unvaccinated children. This situation led to an artificially high estimate of vaccine efficacy among confirmed cases. The theoretical computations give an expected bias of 21 percent for vaccine failure, which remains consistent with the overall empirical findings. However, the differences between estimates of efficacy among all cases and among confirmed cases varied in each of the three vaccination series, depending on the proportion of cases confirmed in each group.
The comparison of the two trials using the standard Schwarz vaccine showed that 80 percent more failures occurred 10 years after vaccination (198 1-1983) than occurred 2 years after vaccination (1987) (1988) (1989) . In the study of the duration since vaccination as a risk factor for vaccine failure, the risk ratio for 10 years after vaccination as compared with 1 year after vaccination was 2.71. However, none of these differences was statistically significant.
In the clinical trial setting, the failure rate of the high-titer vaccines was somewhat higher than that of the standard vaccines, even after exposure had been controlled for, The differences were not significant in this study, but they were found to be significant after the level of maternal antibodies at time of vaccination was controlled for (20) . The failure rate of the high-titer Schwarz vaccine was higher than that of the high-titer EdmonstonZagreb vaccine, an observation that matches the observed differences in seroconversion rates after administration of these two vaccines (29, 30) . Because of the small numbers, the efficacy of the hightiter Edmonston-Zagreb vaccine betwleen the ages of 5 and 10 months among children to whom it was administered at 5 months was not significantly different from zero ( p = 0.147) when compared with the randomized control group that received a placebo at 5 months (18) . There was no case of vaccine failure in the hightiter Schwarz group between the ages of 5 and 10 months, and therefore, vaccine efficacy could not be computed for this age group. If the risk ratios for vaccine failure in national campaigns were equivalent to those found for the standard vaccine, then the failure of high-titer vaccines given at 5 months of age could be as high as 50 percent in general use.
In the randomized trial, both clinical efficacy and seroconversion were negatively correlated with the level of maternal antibodies at the time of vaccination. Another paper addresses this issue in detail (20) .
The rationale behind the use of high-titer vaccines was earlier vaccination of infants to avert a number of measles cases that occur between the ages of 6 and 9 months. However, the higher failure rate associated with high-titer vaccines balanced the earlier protection. Assuming a constant incidence of measles of O. 1 case per person per year, susceptibility to measles starting at 4 months of age, and the values of clinical efficacy observed in this trial, a cohort of 1,000 children would experience 373 cases of measles by the age of 5 years if no one was vaccinated, 87 cases if all infants were vaccinated with the high-titer Schwarz vaccine at 6 months of age, 60 cases if all infants were vaccinated with the high-titer Edmonston-Zagreb vaccine at 6 months of age, and 57 cases if all infants were vaccinated with the standard vaccine at 9 months of age. Therefore, in theory, the high-titer strategy would not be optimal for preventing clinical measles between birth and 5 years of age. The situation would be even worse if all ages up to 30 years were taken into consideration. However, in practice, the decreasing efficacy might be compensated for by an increasing vaccination coverage usually associated with a lower age at vaccination in developing countries.
Furthermore, the high-titer vaccines are more costly to produce than the standard vaccine, a factor that lowers their cost-effectiveness. Finally, the high-titer vaccines have been found to significantly increase children's risk of death within 3 years of vaccination (19) . This finding was confirmed by two other studies and led to a change in the recommendations of the World Health Organization (31) . This differs markedly from the standard vaccines, which have been shown to dramatically reduce children's risk of death in a similar environment (3) . The results of this study emphasize the importance of studies based on a comprehensive surveillance of well-defined populations.
Although imperfect, vaccination with standard vaccines at 9 months of age remains a sound strategy. If well implemented with a high coverage rate, it could produce herd immunity and thereby reduce the incidence of disease before the recommended age at vaccination (9 months). Together with the appropriate management of measles cases, this strategy could in theory lead to satisfactory control of measles mortality (18) . However, there is still a need for alternative strategies in order to protect children as soon as they become susceptible, for instance, with more immunogenic vaccines, or with several doses given at various ages. New and more efficient strategies could also open the way to global eradication.
